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Introduction
The American electric utility industry has shown that it is capable of 
operating successfully in the turbulent economics of the past 10 years. Yet 
new problems are visible on the horizon, and considerable interest has focused 
on the industry's ability to continue to operate successfully in the future.
If these problems become severe, a transformation of the ownership, man­
agement, and regulation of the industry becomes possible. There are two ob­
vious pathways to possible severe crisis: (1) physical insufficiencies in 
generating capacity with associated blackouts and brownouts, and (2) financial 
difficulties so serious that industry reorganization is an alternative to bank­
ruptcy .
Formerly, these two pathways had opposite characteristics, the first being 
associated with exponential demand growth and the second with a demand shortage. 
However, two of the industry's current problems can theoretically cause both
types of crisis to occur simultaneously.
Nuclear power, if prohibited by regulation from operation, can reduce avail­
able capacity. Simultaneously, substitute fossil fuel could be considerably 
more expensive, raising rates and reducing customer purchases. And, if the 
shutdown nuclear plants were excluded from rate base cost recovery, the af­
fected utilities might approach bankruptcy via the inability to meet debt re­
quirements. In a few words: (1) insufficient physical capacity, (2) rising 
rates and falling sales, and (3) avoided debt repayment.
Air pollution policies now being considered have some of the same char­
acteristics. The Environmental Protection Agency analyzes sulfur oxide air 
pollution emissions from electric utilities and 27 other actual and potential 
categories as shown in Table 1. Electric utilities have two-thirds of all 
estimated emissions, six times the level of all industrial combustion, and 
ten times the level of copper processing. Consequently, air pollution control 
policies would have qualitatively the same effect on utilities as nuclear 
control policies. This would be possible if utilities were to face the prob­
lem of retrofitting all existing coal and petroleum plants for 90^ sulfur 
removal, or closing those plants.
Of particular interest is the interaction of these problems: a major 
reduction in allowable sulfur emissions in a period of nuclear plant closure, 
perhaps spiced by another ratchet in oil prices,
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Table 1. Leading Sources of Sulfur Oxide Emissions, 1981, in teragrams*
Source Category Actual 1981
Electric utilities 14.8
All industrial stationary fuel combustion 2.3
Primary copp er 1.4
Petroleum: refining 0.8
Cement 0.6
Commercial fuel combustion-,, stationary 0.5
Iron and steel 0.4
Sulfuric acid 0.2
Residential 0.2
Natural gas production 0.2;
All 18 other categories 1 . 1
Total 2;2.5
*A teragpam equals 1.1 million American tons. Source: XJ.S. EPA, Emissions 
Estimates.
For this paper* we study these questions in the context of a detailed 
empirical model for New York State* its utilities and customers* and its power 
plants.
In addition to the separable and joint analyses of air pollution and 
nuclear policies, we examine national tax policy, general inflation, and oil 
prices,
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1■ The Significance of Demand
Ten years ago, electric utilities in the U.S, had experienced over two 
decades of steady growth at rates that were about double those for the economy 
as a whole. After the oil embargo in 1973, circumstances changed. The demand 
for electricity dropped in 1974, increased slowly until 1981, and declined 
again in 1982.
The slow growth of demand for electricity after 1973 is often attributed 
to the lack of economic growth. The average growth rate of the economy from 
1975 to 1980 was, however, similar to the rates experienced in the fifties 
and sixties. Nevertheless, the demand for electricity grew at rates that were 
less than half those experienced before the oil embargo. A major reason for 
this changing situation is that the real cost of producing electricity in­
creased substantially after 1973, whereas it had decreased during the fifties 
and sixties. In fact, the average price paid for electricity is now similar, 
in real terms, to the prices paid in the early sixties. These basic results 
are summarized in Table 2 in terms of the indices for electricity generation, 
national economic output and the average price paid for electricity. In all 
three cases, the index is computed with 1973 as the base year.
Table 2. Indices for Electricity Generation, Economic Output, and the Price 
of Electricity in the U.S.
Year Generation
Real Gross 
National Product
Real Price of 
Electricity
1950 18 43 180
1960 41 59 136
1970 83 87 98
1973 100 100 100
1980 124 118 130
1982 1 2 1* 118 na
Source: The indices are derived from information in the Edison Electric Year­
book (generation and average nominal price) and the Economic Report of the 
President (real gross national product and the consumer price index, used to 
deflate average prices).
*Based on a preliminary figure obtained from the U.S. Department of Energy.
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The change in the behavior of demand in the mid-seventies took utility 
planners by surprise. When demand was lower than expected, the poor perfor­
mance of the economy and the disruptions of the oil embargo were cited as 
major causes. While these were contributing factors, the importance of in­
creasing costs for electricity production was not widely recognized. As a 
result, projections of future demand made by utilities implied that substan­
tial growth would occur in the future. This is illustrated in Figure 1, 
which shows actual levels of generation in New York State from 1965 to 1982 
together with two forecasts that were made in the mid-seventies. The first 
representing an aggregation of forecasts made by individual utilities in the 
New York Power Pool, and the other is a forecast made using an econometric 
model with price effects included. 1 The aggregate forecasts across all states 
derived from the same econometric model also proved to be more accurate than 
the forecasts published by the National Electric Reliability Councils. This 
is illustrated in Figure 2. Although these econometric forecasts were con­
sidered unrealistically low at the time of publication by utility planners, 
their accuracy has now been established. Since that time, many studies have 
confirmed that price effects matter (see Bohi for a recent survey), and this 
fact is increasingly recognized throughout the utility industry.
One important consequence of the unrealistically high forecasts made by 
utilities during the seventies is that new generating capacity was built to 
meet demand that has not materialized. Iri addition, the costs of construction 
have increased substantially, particularly for nuclear plants. In fact, these 
two factors have resulted in the termination of work on some nuclear plants 
before they were completed (e.g. three plants in the Washington Public Power 
Supply System), and in lengthy hearings to consider terminating work on others 
(e.g. Nine Mile Point 2 in New York State).
The combined effect of expensive new generating capacity, higher oil 
prices, and stable or declining demand causes average costs to increase. The 
magnitude of these problems varies throughout the nation. This is illustrated 
in Table 3, which shows the average annual growth rates for generation and 
installed capacity for nine census regions over different periods of time. 
During the fifties and sixties, generation and capacity grew at similar rates 
within each region, although rates varied across regions. From 1970 to 1973, 
the growth of capacity was greater than the growth of generation in all but 
the Mountain States. From 1973 to 1980, even though the growth rates of
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capacity were substantially lower than in the previous periods, generation 
again grew more slowly than capacity in all regions.
The size of the difference between the growth rates of capacity and of 
generation from 1973 to 1980 gives an indication of the financial pressure on 
utilities. For a study of control policies for sulfur and nitrous oxide emis­
sions, it is important to recognize that some regions which are major sources 
of these emissions have experienced reductions in sales since 1980. Much of 
the opposition by utilities to stricter controls on emissions is based on 
financial arguments (i.e. the cost is too high) rather than on the poor per­
formance of the equipment itself. Hence, it is essential to understand how 
investment costs are translated into higher rates for customers, and what 
effect these higher rates have on demand, revenues, and the financial integrity 
of the utilities. These issues are analyzed by our EPA-sponsored model in the 
comparison of a number of alternative scenarios for the utilities, customers, 
and power plants in the New York Power Pool.
-9-
2. The URGE-AUSH and CCMU Models
The URGE-AUSM acronym represents Universities Research Group on Energy - 
Advanced Utility Simulation Model. The Group consists of engineers and econ­
omists from the University of Illinois, Carnegie-Mellon University, and Cornell 
University. It is sponsored by the U.S, Environmental Protection Agency. The 
objective of the Group is the development of a national economic and engineer­
ing model of air pollution emissions and utilities which can be used in study-
Oing national policies for acid precipitation mitigation-
AUSM represents Advanced Utility Simulation Model. As the name implies, 
the logic of the model originated from Teknekron's Utility Simulation Model. 
Individual models within AUSM differ from their USM counterparts as shown in 
simplified form in Table 4.
The major characteristic of the AUSM which distinguishes it from USM is 
the closed loop or annually recursive nature of the model. Year tfs genera­
tion level depends upon customers1 response to prices in years t-1 , t-2 , etc.
As section 1 indicated, the twin problems of price response and sales decline 
create new economic environments for utilities in the acid rain study region. 
AUSM portrays the response of electricity customers to variations in real 
prices in an ongoing, annually interactive system.
The earlier Baughman-Joskow-Kamat Regionalized Electricity Model was also 
dynamic in the same sense. 4 AUSM differs from Baughman et al in the depth of 
real data. Baughman et al was structured with census regions as the basic 
blocks. AUSM uses all actual plants in a state, and all financial data for 
all utilities in a state. It is being developed in a context in which AUSM 
can be applied to all states, their real plants, and their actual financial 
data.
At Cornell, we use a simplified AUSM which omits coal supply, generalized 
future planning, and the AUSM "gets/puts" structure. We term this version 
CCMU, for Come 11/Carnegie-Mellon Universities. It is used here to study New 
York. The individual architects of the submodels are listed in note 5. The 
CCMU model is shown in Figure 3, Note that the level of required generation 
in 1984 (year t+1) will be dependent upon customer demand which responds to 
costs and rates in 1983 (year t), This time structure is applied to all years 
in an analysis.
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Tab 1e 4. AUSM Advancement from USM: Individual Models
1. Demand analysis: costs affect prices which affect levels of generation in 
an annually recursive framework, USM sales were exogenously defined,
2. Pollution control: much greater detail in sulfur removal; AUSM also ana­
lyzes N0X.
3. Dispatching: regional emissions constraints for least-cost dispatching, 
and minimum emissions dispatching with cost constraints. USM used least- 
cost dispatching only.
4. Utility finance: conventional balance sheets and income statements; detailed 
tax analysis and cost of service determination. Comparable to USM, but more 
comprehensive and based upon accepted concepts,
5. Planning: new capacity is based upon endogenous, price responsive demand 
analysis.
6. AUSM model structure: annual recursiveness makes cost variations affect 
demand, affecting dispatching, pollution emissions, cost, and finance, 
on a continuing basis.
-11-
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3. Base Case Assumptions
The basic exogenous data is summarized in Table 5. New York has seven 
major private utilities and the public New York Power Authority (NYPA).
Together, they constitute almost all of the State's generation. Several 
small municipal utilities generate or'sell small amounts of electricity. In 
addition to generation from sources owned by New York utilities, the NYPA 
intends to increase its purchase of Canadian hydropower from 5 billion kWh 
in 1980 to 16 billion kWh.
The dispatching problem for this analysis is reasonably represented 
by a constrained least cost dispatching solution for the State’s 100 power 
plants. The CMU linear program determines minimum cost with availability, 
capacity utilization, and region air pollution constraints. The plants are 
listed in Appendix A. Figure 4 shows the model's base case simulation.
Note the comparison of actual and estimated values for 1980-82: the model
is satisfactory.
Table 5 summarizes the plants by fuel type. Included there are the 
three plants being completed: Somerset (coal, 625 MW, scheduled to begin
operations in 1985), Shoreham (nuclear, 809 MW, 1984), and Nine Mile Point #2 
(nuclear, 1080 MW, 1987).
For all plants, actual 1980 fuel and operating costs in Appendix A are 
inflated each year by the assumptions in Table 5. As an example, consider 
future assumed coal cost for the Milliken plant, //5 in Appendix A . It used 
coal costing $23.64 per ton in 1980. .The heat value for the coal and the 
heat rate for the plant defined costs of $1.47 MBtu and $13,83/MWh. These 
costs are escalated at 7.06% each year, the result of the multiplicative 
interaction of 6% general inflation and 1% real escalation in coal cost.
Similar calculations are made each year for each of the other fuels and for 
operating and maintenance cost.
Interest rates are assumed to average 12% and returns to shareholders 
are 15% for common stock and 13.5% for preferred stock.
Existing coal plants must meet pollution emission standards in State 
Implementation Plans. This is generally 1.9 lb of sulfur per MBtu in New 
York, or 3.8 lb S02/MBtu. The Homer City Pennsylvania plant is jointly 
owned between a New York and Pennsylvania utility, and the New York share is 
treated as 944 MW of New York capacity which must meet a 4 lb SC^/MBtu standard.
-13-
Table 5. Economic, Air Pollution, and Plant Data, Base Case
1, Exogenous Economic Parameters
General inflation 6%
Multiplicative escalation for individual utility fuels:
nuclear 1% 
coal 1% 
oil 3%
natural gas 3%
Change in population, employment, real earnings, and income: 0%
2. Financial Data
Number of utilities: 7 private, and New York Power Authority
Total electric plant: $13.9 billion in 1980
Rate base: $9.9 billion in 1980
$15.2 billion in 1987 with the new plants 
$8.3 billion in 1987 without the new nuclear plants
Returns to common and preferred equity: 15% and 13.5%
Debt interest: 12%
Revenue 1980: $6 .6 billion
Income tax expense, income statement, 1980: $538 million
Income tax payment, 1980: $168 million
Long term debt, 1980: $7.7 billion.
3. Dispatching: New York Plants, after 1982
Capacity 
with new 
plants, MW
Availability
factor
Maximum
capacity
factor
Capacity factor 
in base case, 
max. used
coal
residual oil 
natural gas 
hydro 
nuclear
distillate oil 
all plants
4,155
11,692
4,047
4, 021
5,483
2,374
31,772
.900
.900
.900
.900
.575
.900
77%
77%
77%
77%
77%
77%
lit
31%
33%
77%
57.5%
1%
42%
-14-
4. «- Sulfur Emission Standards
A. Coal Plants
1. Ten at 1.90 lb S/MBtu
2. One at 2,80 lb S/MBtu _
3, One NYPP plant in Pennsylvania aj: 2 lb S/KBtu
4, Somerset, new plant, 0.6 lb S02/MBtu
B. Oil Plants, all % S by weight
1. Eight at 0.30%
2. Two between 0.37% and 0.60%
3. Seven at 1.00% or 1.50%
4. Five at 2.00% or more
5. Nuclear Power Plants in New York
Indian Point 1 not operating
Indian Point 2 849 MW-
Indian Point 3 855 MW
Nine Mile Point 1 610 MW
Nine Mile Point 2 1080 MW under construction, operate in 1987
Fitzpatrick 810 MV/
Ginna 470 MW
Shoreham 809 MW under construction, operate in 1984.
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FIGURE 4. GENERATION BY FUEL TYPE, BASE CASE MODEL: 1980-1999,
ACTUAL: 1980-1982
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One major new coal plant is being built, the 625 MW Somerset facility<> 
It will be required to meet the 0.6 Ib/MBtu S02 emission standard for new 
plants.
Metropolitan oil plants usually are required to use oil not exceeding
0.3/ sulfur by weight. Upstate oil plants may use higher sulfur oil.
New York Power Pool members have eight nuclear plants. Five are now 
operating. Two, as noted, are scheduled to begin operations in the next 
four years. One, the original Indian Point #1 plant, is inoperable.
-17-
4. Regulatory Economics and Customer Cost
The time path of regulated prices is significantly divergent from the 
levelized cost of the plant and equipment. This means that a utility*s 
financial health and the rates charged customers both have a significant 
time dimension, as is clear in Figure 5. That figure shows the regulated 
prices for a single nuclear plant; it is as if a single corporate entity 
was established solely to generate and sell the power from the plant. Note 
that deflating the price curve results in a real price trajectory which de­
clines over the planning period. Note also that the levelized price is a 
horizontal 15.6p/kWh, The engineering concept of levelized cost does not 
reflect either the actual revenue received by a utility or the deflated real 
price which influences customers.
This is evident in the basic equations for regulatory pricing and 
levelized cost:
(1) LC = K * FCR + OC 
REV CAP
(2a) Pt = - q —  ^+ OC
t
(2b) REVCAP - -zr^-—  [K - CD - DTA - ADITC ] + SD - 2 INTt l - z  t t t t l - z t
LC, OC, and P are expressed in mills/kWh, and represent levelized cost, 
operating cost including fuel and maintenance, and price. K is the invest­
ment cost including an allowance for interest during construction. FCR is 
the fixed charge rate in Eq. (1), and is based upon a capital recovery fac­
tor and investment-linked expenses such as property taxes and insurance. 
REVCAP defines revenue for capital recovery in the simplified regulatory 
equations and Q is generation. In Eq. (2b), r is rate of return, z is the 
corporate income tax rate, CD is accumulated normal straight line deprecia­
tion, DTA is deferred income tax arising from cumulative accelerated depre­
ciation, ADITC is the cumulative investment tax credit to be deducted from 
rate base, and SD is current straight line depreciation.
As is evident, actual regulation defines a price which varies consider­
ably from levelized cost. Note also that the real, deflated price is always 
declining. This is because of ongoing rate base erosion, a problem to be
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FIGURE 5. L E V E L  I ZED COST, REGULATED PR ICE,AND DEFLATED
P R IC E
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no ted again below.
During the Growth Era from 1946 to 1973, deflated prices for electricity 
did decline regularly. Demand grew in response to this real price effect, 
and in response to the effects of income and population growth. This, of 
course, is a main point in section 1 .
If this experience should be repeated and real electricity prices de­
cline again, then renewed sales growth would be expected. Figure 6 shows 
that an inflation rate of 10% rather than 6% would make electricity price 
decline more rapidly. Figure 7 shows the response in higher sales. A 
higher general inflation— even though it is passed on to fuel costs— makes 
electricity a better buy.
Taxation, as indicated in the discussion of Eqs. (1) and (2), has a 
major influence on utility and customer costs. Figure 8 shows the effect 
of different tax policies on New York utilities. They can be represented 
with Equations (3)—(6).
(3) NI = REV + AFUDC - FC - QM - SD - TAX - DEFTAX ■- INT
(4) TI - REV - FC - QM - AD - INT
(5) TI = NI - AFUDC - (AD - SD) + TAX + DEFTAX
(6) TAX = z * TI - ITC
Net income (NI in Eq. (3)) has revenue (REV) and the allowance for 
funds used during construction for equity and debt (AFUDC) as positive com­
ponents, and is reduced by fuel and purchased power cost (FC), operating and 
maintenance cost (0M), normal straight line depreciation (SD), actual cor­
porate income tax paid (TAX), deferred and other non-current tax account 
items (DEFTAX), and actual interest expense (INT).
Note that AFUDC and DEFTAX are not actually current income terras. Tax­
able income (TI) in Eq. (4) eliminates both, uses accelerated depreciation 
AD rather than straight line depreciation SD, and is of course on a pre-tax 
basis.
Eq. (5) shows the relationship between net income and taxable income.
Although simplified, these equations give the basic corporate income 
tax structure. The base case in Figure 8 shows estimated Federal corporate
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F IGURE  8, T a x  POL ICY  AND F E D E R A L  INCOME TAX PAID, M IL L IO N  $
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income tax, taken from Appendix B. Current Federal income tax payment in 
the base case is generally $100-$200 million in the early 1980s as invest­
ment tax credits from the three new plants are utilized. For the remainder 
of the period, actual tax payment is between $500 million and $1 billion.
Prior to the introduction of the investment tax credit and accelerated 
depreciation for tax accounting, book and tax accounts were more similar, 
as in Eqs. (7) —(9).
(7) NX = REV + AFUDC - FC - OM - SD - TAX - INI
(8) TI = m  - AFUDC + TAX
(9) TAX = z x TI
Elimination of the investment tax credit and accelerated depreciation 
as in Eqs, (7)-(9) gives the middle "no tax incentives" case in Figure 8 . 
Actual tax payment would exceed $1 billion in nine of the years in the 
period.
One tax restructuring being considered is the replacement of the cor­
porate income profit tax with a value added tax. Under this concept, net 
income before interest would be taxed at equal rates whether arising from 
shareholder or lender capital. Host value added proposals include wage 
income. However, for simplicity, we define taxable income as equal to 
Eq. (8), but with the addition of interest expense which is not deductible 
in value added taxation. In Figure 8 , this is "redefine taxable income," 
and more than doubles base case payments. In 1990, $1.8 billion for Federal 
taxation would be paid, and collected from customers if the tax rate re­
mained at .46.
The following Figure 9 shows the effect of these tax assumptions on 
common dividends when these dividends are one-fourth of beginning-of-the- 
year retained earnings.
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5 * Estimating the Effect of Rates on Demand
Although the average cost of producing power can be determined by apply­
ing rules derived from regulatory practices, this cost is not necessarily 
charged to all customers. Different prices can be charged to different cus­
tomers, and in 1981, for example, the average prices paid in the residential, 
commercial and industrial sectors in the U .S. were 5.89, 5.97 and 4.03 p/kWh, 
respectively.^  In addition, the price charged to a class of customers de­
pends on the level of use because typically rates have a block structure.
The average changes in a residential bill paid in 1981 for an additional 
250 kWh per month, for example, were $17.76, 14.85, 11.38 and 14.17 for the 
four 250 kWh increments from 0 to- 1000 kWh.® The specific way in which a 
given cost increase is passed on to different classes of customers and its 
effect on the shape of the rate schedule for each class affects the levels 
of demand and revenue. Since the response of demand to a given cost increase 
is not unique, rates may be designed to encourage growth or to encourage con­
servation , and consequently, the overall design of rates has implications 
for emissions and air quality.
The demand model of the AUSM identifies three major sectors (residen­
tial, commercial and industrial) and two characteristics of the rate schedule 
for each sector. The first characteristic is the ’’marginal price", which 
represents the change in the bill paid if one additional kWh is purchased. 
Typically, this marginal price is lower than the average price paid because 
of the declining block structure of rates. The second characteristic is 
the "customer charge", which represents all charges that are made above (or 
below) the marginal price in other blocks. 9 The average revenue received 
from a customer in sector s each year can be represented as
(10) R = CC + MP * Qv ' s s s s
where R is the revenue in $, CC is the customer charge in $ per year, MP is 
the marginal price in $/kWh and Q is the quantity of electricity purchased 
in kWh/year.
The demand model operates in a recursive fashion, and it is assumed 
that the customer charge and marginal price are fixed for each class of cus­
tomers at the beginning of every year. Most rates are designed to represent
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the average cost of service for each class of customers and for different 
levels of use within each class. This process is approximated in the model 
by dividing the average cost into a fuel and a non-fuel component.
Each year the fuel component is adjusted to account for changes in the 
cost of fuels, based on the pattern of generation in the previous year, and 
this increment affects the marginal prices paid in all sectors. When actual 
revenues received differ from "allowed’ 1 revenues, the non-fuel components, 
including the customer charges, are adjusted to represent the regulatory pro­
cess of maintaining "allowed" rates of return on investment.
Let the average cost of service in year t be composed of fuel costs,
FC^, and non-fuel costs, NF^, and the allowed increments to these components 
be AFCt+ 1 and ANF , respectively (all measured in $/kWh). Then the new 
marginal prices and customer charges;can be defined as follows for each 
sector s:
(11) “ s.t+l
(12) ccs(t+l
MP + AFC ., + (MP s,t t+1 s,t
ccs»t(1 + ANW NV
-  ™ t )ANFt + 1 /N F t
In New York State, and in most other states, the importance of customer 
charges as a source of revenue declined substantially during the period 1970 
to 1980. In 1970, over 20 percent of total revenue came from customer 
charges, but by 1980 this share had fallen to 13 percent, In addition, al­
though the shares of sales to the three sectors are similar in 1970 and 
1980, the relative importance of the residential sector as a source of reve­
nue declined because rate differentials across sectors were reduced. This 
reflects the effects of higher fuel costs on rates. These results are sum­
marized in Table 6 .
An important feature of the demand model is that the marginal prices 
are used in the demand equations, and they influence sales. In contrast, 
the customer charges have little effect on sales. Hence, flattening or 
inverting rates tends to reduce demand. The marginal prices charged can 
differ substantially under the same cost situation, and revenue requirements 
can still be met by specifying customer charges appropriately. This charac­
teristic is used to investigate the implications of incremental cost pricing 
in section 9 of the paper.
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Table 6. The Composition of Sales and Revenues in New York State in 1970 
and 1980 (Percent of Total Sales or Revenues)
SECTOR
Residential Commercial Industrial Total
Sales: 1970 30 38 32 100
1980 30 39 31 100
Revenues: 1970
Sales * Marginal Price 23 40 16
Customer Charges 16 J t _1
Total 39 44 17 100
Revenues: 1980
Sales * Marginal Price 28 40 19
Customer Charges _J_ _6 _0
Total 35 46 19 100
Economic conditions, the prices of competing fuels, and the two rate 
characteristics determine the quantity of electricity demanded in each sector. 
This is done through the use of sets of econometric equations; one set is 
applied to each sector. Each set of equations determines the demand for 
electricity and the demand for major primary fuels (natural gas, distillate 
oils, residual oils, gasoline and coal). (While the focus of this paper is 
limited to electricity, note that the model also estimates the uses of these 
other fuels by customer class.)
In an econometric model, there is a different equation for every vari­
able predicted by the model, and predictions are derived for specified levels 
of the input variables. In this case, the models are based on a linear logit 
specification that predicts the shares of total expenditures allocated to 
electricity and to other fuels in each sector. This form ensures that pre­
dicted quantities are always positive and that the sura of predicted expen­
ditures always adds to total expenditures.
The final step in specifying an econometric model is to estimate values 
for the unknown parameters by fitting the equations to a sample of observa­
tions of the variables. The sample for the demand model represents annual
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data for individual states for the years 1968 to 1979, and a more detailed 
account of the model’s structure and of the estimation results are provided 
in another publication.11 The main result of interest here is whether the 
estimated model provides an accurate explanation of the changes in the demand 
for electricity. The results are summarized in Table 7 for each fuel and
sector in terms of the root mean squared error (typical error of prediction),
2 2and the R . Since an R of one corresponds to a perfect fit, it is clear
from Table 7 that the performance of the model is good, particularly for
2electricity. The R is .98 or .99 for all three classes , and, at its highest, 
the typical error is only 8% of the mean value. It should be noted that the 
use of per capita figures avoids exaggerating the fit of the model by cor­
recting for variability that is simply due to the size of the population in 
different states. The main conclusion is that the demand equations are able 
to "explain" the changing use of electricity during both periods of high 
growth (1968 to 1973) and of low growth (1973 to 1979). Although sales of 
electricity are declining now in many states, sales could grow again if there 
is both economic growth and declining prices for electricity, relative to 
inflation and to the prices of other fuels.
The basic economic characteristics of the estimated equations can be 
summarized in terms of "elasticities".12 Two important qualifications need 
to be madej however, when interpreting these values. The first is that the 
response of demand to changing economic conditions is not instantaneous.
The immediate response to price changes, for example, is inelastic and rela­
tively small in the short-run. The elasticities summarized in Table 8 repre­
sent the long-run effects of changes when all adjustments have been completed, 
and describe the underlying characteristics of the model under the assump­
tions that only one variable is changed and all other input variables are 
held constant. The second qualification is that the elasticities are not 
really constants, but are characteristics of the model that can be evaluated 
for any given set of expenditure shares, If the share of expenditures going 
to electricity increases, the price responsiveness will also increase, 
implying that if electricity gets more expensive, in real terms, price be­
comes more important.
The three elasticities for the price of electricity are relatively 
inelastic, particularly in the residential sector. One reason for this is 
that the price used is the marginal and not the average price. Substitution
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Table 7. Predictive Performance of the Estimated Equations for the Quantities 
of Electricity and of Primary Fuels Used per Capita (48 states for 
1968 to 1979) ______
SECTOR
Residential Commercial industrial _  O
Mean RMS Mean RMS R* 2 Mean RMS
1. Electricity 9.40 .36 .99 7.35 ,33 .99 11.28 ,93 .98
2 . Natural gas 21.07 1.08 .99 10.81 .86 .98 37.04 5,96 .97
3. Distillate oils 19.57 2.64 .95 7.12 1.76 .91 1 2 .2 1 3.83 .87
4. Residual oils --- 10.79 2.60 .83 22.77 4.87 .79
5. Gasoline 48.61 2.80 .92 — —
6 . Coal ■— — 17.54 3.92 .98
Mean Average annual use (MBtu/capita) „
RMS Root mean squared error of prediction (MBtu/capita)
where Pt and At are the predicted and actual values 
for year t.
2 Measures the relative importance of the unexplained variability to the 
total variability of the actual series.
T T _
R2 = 1 - l (Pt “ At)2/ l (At - A) 
t=l t=l
where A is the mean of A ^  A^, • •• > A^
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Tab.le 8. Estimated Long-Run Elasticities for Electricity Demand by Sector— ^
Variable
SECTOR
Residential Commercial Industrial
Price of Electricity -.30 -. 65 -.55
Price of Substitute Fuels . 15 .01 .52
Income per Capita .07 — --
Population oov—1 — —
Employment — 1,00 1.00
a/Evaluated for the average expenditure patterns in the sample period 1968-79.
elasticities for primary fuels are relatively large in the industrial and resi­
dential sectors, but not in the commercial sector.
The income elasticity in the residential sector is also small, but this is 
one example of an elasticity value that is smaller in the long-run than in the 
short-run. This means that, for example, a permanent reduction in a State’s 
income first causes a relatively large reduction in sales. Then, as time passes 
at the new lower income level, sales rise but do not reach the level that exist­
ed prior to the drop in income. In many earlier studies, a form of equation 
is used that always makes income effects larger in the long-run, but this 
cannot be correct for expenditures on all commodities. The condition that 
expenditures sum to income would not be maintained. The implication of the 
complete system of demand equations is that if demand is income inelastic 
(elastic) in the short-run, it becomes more inelastic (elastic) in the long- 
run.
Since policies that determine the cost of controlling emissions will 
affect the prices charged for electricity, the price elasticities are the 
most important characteristics in Table 8. The dynamic behavior of price 
response in each sector can be illustrated by the following example. A 15 
percent price increase from a base set of assumptions is implemented and 
maintained throughout a 15 year forecast period. The percentage decline in 
sales in each sector from the base case is shown in Table 9. The response 
in the residential sector is relatively fast but the overall effect is small.
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Table 9. The Percentage 
to a 15 Percent
Reduction of Sales 
Increase of Price
from a Base Forecast In Response
Number of Years SECTOR
After the Price: Increase Residential Commercial Industrial
1 -2.5 -1.5 -2 .2
2 -3.3 -2.7 -3.6
3 -3.7 -3.7 -4.7
4 -3.8 -4.5 -5.4
5 -3.9 -5.2 -5.8
10 -3.6 -6.9 -6.3
15 -3.6 -7.3 -5.9
Alt hough the response is small in the other two sectors, the overall effects 
are relatively large. It is the delay in the response of demand to price 
increases that tends to cause problems for utility planners.
The base case in this analysis implies that sales will decline slightly 
during the eighties and then increase slowly during the nineties. The initial 
decline in sales is due partly to the increased rate base associated with the 
two new nuclear power plants. The rate base declines in the nineties, because 
no new plants are added. Since the average cost of service declines, demand 
grows. The most recent forecast made by the New York Power Pool gives annual 
energy requirements of 131 and 151 billion kWh in 1990 and 1999, respectively. 
The corresponding values in the base case are 117 and 127 billion kWh. Last 
year, energy requirements were 117 billion kWh, down from 119 billion kWh in
1980.
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6 * Nuclear Power Availability
First, we examined the question of Nine Mile Point #2 and Shoreham avail­
ability. Figure 10 shows four cases, and reports the average annual residen­
tial charge in 1980 dollars per customer. In the base case, the plants oper­
ate, and average customer cost is $395 in 1988. In the other 3 cases, the 
two plants do not operate. These three cases vary according to the proportion 
of plant cost allowed in the rate base.
If the cost of an inoperable plant is in the rate base then its full cost 
is recovered from customers. The extreme, for 1988, shows a $410 residential 
charge if the plants are in the rate base but not operating.
Of course, if the plants are excluded from the rate base, customer charge 
declines, and is, for example, $355 in 1988. Since Table 5 showed rate base 
including the two plants to be $15 billion, and rate base without them to be 
$8 billion, the variation in residential customer charge is less than might 
be anticipated. This is partly because of the tax cushion, Figure 11 shows 
how Federal tax paid declines as rate base coverage falls for the plants. In 
the extreme, excluding rate base coverage causes Federal taxes to be $800 mil­
lion less.
However, the following Figure 12 shows interest coverage to be uncomfort­
ably low for the State if rate base exclusion is implemented. As a rule of 
thumb, continued coverage below a ratio of 2 :1 for operating income to interest 
expense probably means severe problems with bond ratings and refinancing of 
existing debt.
Of course, the impact on the principal utility owners and their customers 
is much more severe than the State averages reported here. It implies that 
full rate base coverage spread over all the State's utilities and customers 
is necessary to manage a possible withdrawal of these nuclear plants from the 
State's capacity.
In Figures 13-15, all the State's nuclear plants have been required to 
cease operation in 1984, and all remain in the rate base. The State's fuel 
costs are $1*5 billion higher in 1990. Revenue increases similarly. The 
last of the three figures shows sales declining to 97 billion kWh in 1990 
because of the higher prices to customers.
Air pollution emissions are much higher without nuclear generation. In
-33-
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the base case, least cost dispatching within existing emission standards re­
sults in the convex curve in Figure 16. Emissions are 580,000 tons in 1989, 
and rise to 630,000 at the end of the period. Without the nuclear plants—  
and even with the price induced lower sales— emissions exceed 650,000 tons 
for most of the period.
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7. Air Pollution
Much of the current legislation under consideration uses a percentage 
reduction approach to state ceilings for SO2 emissions. We made use of the 
CMU total emission constraint to examine cases in which S 02 maxima decline 
as a falling ceiling, in 1995 being 15% of the 1980 amount. This is the
lower linear-segmented curve in Figure 17.
The base case and nuclear discontinuation curves from Figure 16 are re­
peated in Figure 17. If the existing nuclear plants continue to operate but 
the Nine Mile Point #2 and Shoreham plants are unavailable, another 30,000 
tons would be added to emissions. It should be remembered that it is assumed 
that all plants meet plant-specific standards; the variations in total emis­
sions here arise from variations in dispatching and total sales.
Although the impact of the new Somerset coal plant is not shown separately, 
an analysis of its availability indicates that it does not increase emissions 
above the base case path. This is because of the use of sulfur scrubbing, and
the displacement of sulfur emissions from oil plants.
Figure 18 shows the effect on average price with the simultaneous imple­
mentation of (1) an 85% State reduction in S02j and (2) a discontinuation of 
nuclear power. In the early 1990’s, there is nearly a lp/kWh difference in 
the base case and this case. This is about 13% of the base case cost.
Sales decline to 99 billion kWh by the end of the century in this case.
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8 . Economic Growth and Oil Prices
The scenarios discussed in the preceding two sections dealt with policy 
analysis of subjects that focus upon the utility industry: the availability
of nuclear power and air pollution control. In this section, the focus is 
on the influence of external economic factors. For example, economic growth 
implies higher levels of income and employment, which in turn will stimulate 
the demand for electricity. Another external effect is that higher prices 
for primary fuels tend to increase demand directly through the substitution 
of electricity for primary fuels. Electric resistance heating and electric 
arc furnaces are examples of end uses that are competitive with primary fuels. 
There is also an indirect effect of higher fuel prices because higher costs 
of generation will be passed on as higher prices for electricity. This in­
direct effect on demand will tend to offset the substitution effects.
To demonstrate that the demand for electricity could grow substantially, 
a set of "optimistic" assumptions are used to specify inputs. First, the 
economy is assumed to grow in real terms, and this is associated with higher 
levels of employment and population. The real price of coal declines, and 
in addition, nuclear plants operate at capacity factors similar to those of 
coal plants. Hence, this scenario represents a situation in which three 
major problems currently facing the industry are eliminated.
The input assumptions and the results for the "high growth" scenario 
are summarized in Tables 10 and 11. The most important result is that sales 
increase to 142 billion kWh in 1999, compared to 113 billion kWh in the base 
case. The corresponding level of generation is 150 billion kWh. Most of 
the additional generation in the high growth case comes from oil and nuclear 
plants. This is because the nuclear plants are assumed to operate at higher 
capacity factors in this case, and more oil generation fills the remaining 
requirements. The increased use of oil leads to higher levels of emissions, 
and to higher average costs than the base case.
The projected level of generation in the high growth case is somewhat 
higher than the level forecasted this year by the New York Power Pool (NYPP) 
for 1999 (141 billion kWh). The pattern of generation is somewhat differ­
ent, however, because it is assumed in the NYPP forecast that some oil 
plants are converted to coal burning. Since the price of oil declined re­
cently, it is probable that plans for coal conversion will be delayed.
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Table 10. Input Assumptions for Economic Variables (Annual Growth Rates 
for 1983 to 1999),
Base
Scenario
High
Growth
High Oil 
Price
1. Total Personal Income 6 8 6
2. Employment 0 1 0
3. Population 0 .5 0
4. Price of oil 9 9 16
5. Price of natural gas 10 10 16
6 . Price of coal 7 5 1 1
7. Price of nuclear fuel 7 7 1 1
8 . Inflation 6 6 6
Maximum Operating Capacity Factor for
Nuclear Plants 57.5% 77.0% 57.5%
For the scenario in which fuel prices increase substantially, it is 
assumed that the prices of oil and natural gas increase at 10 percent each 
year above the rate of inflation, and the corresponding rates for coal and 
nuclear fuel are both 5 percent. In all other respects, the high oil price 
scenario is identical to the base case. It should be noted that even though 
the price increases may seem large in the light of current experience, the
growth rate for the price of oil is lower in real terms than the actual rate
that existed from 1973 to 1981.
Given the importance of oil-fired capacity in New York State, it is not 
surprising to find that average costs increase sharply with higher oil 
prices. Sales fall slightly from 106 billion kWh in 1980 to 105 billion kWh 
in 1999. The average price paid in 1999 is, however, almost double the cor­
responding price in the base case. Given the large increase of price, it
may seem surprising that sales are not lower. The reason is that the higher
prices for primary fuels result in the substitution of electricity for pri­
mary fuels. For example, although the average price of electricity increases 
by roughly 50 percent in real terms from 1985 to 1999, the equivalent in­
crease in the price of residual oil is over 400 percent.
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Table 11. Forecasts Under Alternative Economic Conditions.
_____Scenario_______
Base High High Oil 
Growth Prices
1. Sales (billion kWh) 1980 106 106 106
1985 106 1 1 1 106
1990 104 119 104
1999 113 142 105
2. Generation by Source
in 1999 (billion kWh) Hydro 27 27 27
Nuclear 28 37 28
Coal 27 28 26
Oil 31 44 15
Natural Gas 4 14 12
Total 117 150 108
3. Total Emissions of
SO^ (thousand tons) 1980 582 582 582
1985 523 520 522
1990 482 549 449
1999 632 707 481
4. Average Price of
Electricity in 1980 62 62 62
mills/kWh (1980 $) 1985 60 57 64
1990 59 55 71
1999 49 54 97
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in comparison to the base case, generation in 1999 is 9 billion kWh 
lower with high oil prices. The use of oil for generation is substantxa y 
lower than in the base case, partly due to the lower level of demand and 
partly due to a greater use of natural gas. Using less oil implies that
emission levels are lower. With high oil prices, 2
„ _ forecast period, whereas in the base case,approximately 17 percent over the forecast perioc,
S0„ emissions increase by 8 percent. '
Two conclusions should be emphasized. The first is that since P ^
vides the most expensive source of electricity, changes m  the leve 
mand affect the use of oil and emissions from oil. Emissions from coa 
plants are very similar in all three scenarios even though sales in 
range from 105 to 142 billion kWh. The second conclusion is that it 1 
important to distinguish cost increases that affect electricity on ,
as controlling emissions, from cost increases caused by P
„. j.TnanH for electricity is more responsive to price,In the former case, the demand tor etecmitn.,
a !  this is the type of response discussed in section 5. In the latter case,
substitution effects partially compensate for changes in the price c. elec­
tricity. Hence, it is not correct to assume that the demand for el t xty
will respond in the same way to all increases of the price of electric y.
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9* .T.he E£fec^ t of Rate Design on DewmH
All scenarios described to this point are based on the assertion that 
the structure of rates reflects the actual cost of service to customs.
Wxth this procedure, rates usually have a declining block structure. The 
customer charge reflects costs such as those for maintaining local distri- 
utxon systems and for processing bills. The resulting price charged for 
ac additional kWh depends on the average cost of producing electricity 
rom all sources. Economic theory suggests that the efficient price to 
charge for a product should equal the incremental cost of production (i e 
the cost of power from a new plant).» The type of plant used to derive 
t e cost of power should represent a cost-effective choice, and not neces­
sarily the last plant built. For this reason, a coal plant is used in the
elfTctn v " ^  ^  F- m  P ° ^  of view of economic
C ’ 3 eC lnln8 bl°Ck structure was appropriate in the growth period 
before 1970 when the cost of power from new plants was lower than the aver
age cost. During that period, most rate hearings resulted in lower rates
1 6 ;mPllCati°n °f ^  ^  the current situation is t h . t ^ -
g nal prices would be higher than average prices. To ensure that revenues
received cover actual costs and do not result in eXcess profits, customer 
charges might be negative.
Incremental cost pricing would include fuel costs, other operating costs 
costs for generation, transmission and distribution networks. Conse­
quently, industrial customers would still pay lower marginal prices than
residential and commercial customers because distribution costs would be
lower.
. ”  the mar8±nal Prices charged in different sectors are determined by
incremental costs, customer charges must be set to keep revenue received 
Close to allowed revenue. In the example below, the customer charges for 
different sectors are calculated to maintain stability in the share of total 
revenue coming from each sector, and in the average prices paid in each sec­
tor. An alternative procedure would be to assign customer charges to the 
residential sector only, and in this case, average prices would increase 
substantially for commercial and industrial customers.
. The lncremental cost of power in New York State is derived from infor­
mation given m  the annual report of the New York Power Pool for a new coal
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plant (Somerset) that will operate with scrubbers. 16 (Power from the two 
nuclear plants that are under construction is reported to be much more expen­
sive.) The costs of transmission and distribution are specified to be 15 
and 25 percent of the total incremental cost, respectively, and the latter 
cost is used to determine the difference between the industrial rate and the 
rate charged to residential and commercial customers. All non fuel compo 
nents of the incremental cost are assumed to increase at the rate of infla­
tion, and the cost of coal is determined by the specific assumptions for 
fuel prices in the scenario. Finally, it is assumed that a gradual transi­
tion from current rates to the new rate structure occurs over a period of 
five years from 1985 to 1989. Consequently, incremental cost pricing is 
fully implemented throughout the nineties.
The implications of incremental cost pricing are illustrated in Table 12 
for 1990. While the average cost of power is 59 mills/kWh, the incremental 
cost is 87 mills/kWh. Under average cost-of-service pricing, which is used 
for the base case, the marginal prices in the residential and commercial 
sectors are lower than the corresponding average prices and Industrial rates 
are approximately flat. With incremental cost pricing the marginal prices 
are all higher than the average prices. The average price for all sectors 
is slightly higher with incremental cost pricing because the revenue received 
is higher than allowed revenue. However, the size of this discrepancy between 
average price and average cost gets smaller as rates are adjusted m  later 
years.
Another way of illustrating the effects of incremental cost pricing is 
to consider the cost of purchasing different amounts of electricity. For
example, the monthly bills for residential customers are summarized m  
Table 13 for the two different rate structures. The bills for 500 kWh/month 
are similar with either rate structure, but the bill is lower for 250 kWh/ 
month and higher for 750 kWh/month with incremental cost pricing. With incre­
mental cost pricing, a decision to cut use from 500 to 250 kWh/month saves 
more ($22 instead of $15), and a decision to increase use costs more. Con­
sequently, if incremental costs are higher than average costs, incremental 
cost pricing will encourage conservation. This would be an important factor 
in the selection of heating systems, for example, because electricity com­
petes directly with primary fuels. In addition, there would be an added 
incentive to purchase efficient appliances because savings are greater. It
-50-
Table 1 2. A Comparison of Alternative Rate Structures for 1990 (mills/kWh, 
in 1980 dollars)
______Rate Structure_______
Average Cost Incremental 
of Service Cost
Components of Total Cost
Fuel 17 17
Operations and Maintenance 3 3
Capital 30 —
Generation — 32
Transmission — 13
Distribution — 22
Purchased Power __9 —
Total 59 87
Prices Charged to Customers
Marginal Price Residential 59 87
Commercial 63 87
Industrial 41 65
Average Price Residential 72 72
Commercial 72
Industrial 41
59 61All sectors
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Table 13. Monthly Bills for Residential Customers in 1990 (1980 dollars)
Level of Use 
(kWh/month)
Rate
Average Cost 
of Service
Structure
Incremental
Cost
250 20.43 16.12
500 35.13 37.82
750 49.83 59.52
should be noted that although customers receive a rebate with incremental 
cost pricing, some form of minimum bill policy would inevitably be imple­
mented, so that bills would never become negative at low levels of use.
The effect of incremental cost pricing on emissions depends entirely on 
how the level of sales is affected. The results of four alternative scen­
arios are summarized in Table 14. Since the transition to incremental cost 
pricing is assumed to begin in 1985, attention is directed to the forecasts 
for 1990 and 1999. Scenario A corresponds to the base case with average 
cost-of-service pricing, and scenario B is the corresponding case with incre­
mental cost pricing. In addition, scenarios C and D are cases, for the two 
rate structures, in which the two nuclear plants currently under construc­
tion are never brought on-line, but are still paid for in full by ratepayers.
This situation implies that average costs increase.
A comparison of scenarios A and B shows that sales are substantially 
lower when incremental cost pricing is implemented, resulting from the fact 
that incremental costs are much higher than average costs in this example. 
Unlike the base case (A), sales decline throughout the nineties because the 
marginal prices increase when coal prices increase. Average costs decrease 
in real terms from 1990 to 1999 in all scenarios, because the size of the 
rate base declines. This is reflected by the drop in the average prices 
paid. It should be noted that the average price in 1999 is much lower m  
scenario B than in the base case because of a reduction in the use of expen­
sive oil plants. Given the lower sales in scenario B, emissions of S02 are 
substantially less than in the base case, and by 1999, they are only two 
thirds of the level in the base case.
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Table 14. The Sensitivity of Forecasts to the Structure of Rates.
Scenario
input Assumptions A B C D
Economic growth Base Base Base Base
Fuel Prices Base Base Base Base
Rate Structure Av. Cost Inc. Cost Av. Cost Inc. Cost
2 Nuclear Plants On-line On-line Off-line Off-line
Results
1. Sales
(billion kWh) 1990 104 91 102 91
1999 113 87 109 87
2 . Generation by
Source in 1999
(billion kWh) Hydro 27 27 27 27
Nuclear 28 27 18 18
Coal 27 23 28 26
Oil 31 8 33 13
Nat. Gas 4 __3 7 4
Total 117 88 113 88
3. Total Emissions
of 1990 S0„2
(thousand tons) 1990 482 404 537 464
1990 631 412 653 483
4. Average Price of 
Electricity in 
milIs/kWh (1980 $)
1990 59 61 63 64
1999 49 40 53 44
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In scenarios C and D , the additional cost of fuel needed to replace 
generation from the two nuclear plants must be covered by additional revenue. 
With average cost-of-service pricing, these additional revenues are collected 
by raising marginal prices. As a result, sales are lower in scenario C than 
in the base case. A comparison of scenarios D and B , however, shows that 
sales are the same in both cases, although the patterns of generation are 
different. With incremental cost pricing based on the cost of power from a 
new coal plant, the marginal prices are not affected by the availability of 
nuclear plants. The additional revenue is obtained by revising customer 
charges, and this has virtually no effect on sales.
The results presented in Table 14 require some additional qualifications. 
First, economic conditions, and in particular the levels of employment, are 
the same in all scenarios. With incremental cost pricing, however, higher 
marginal prices for industrial customers could lead to firms moving to other 
states. Second, the transition from cost-of-service pricing to incremental 
cost pricing is relatively gradual. Large unexpected increases in customer 
charges could reduce sales more than is implied by the model in scenarios C 
and D. The additional fuel costs associated with the unavailability of two 
nuclear plants in those scenarios are covered by all customers in the state. 
Consequently, the percentage increase in cost is much smaller than it would 
be if the cost were borne entirely by customers in a small service territory.
In the preceding section, economic conditions, beyond the control of 
utilities, were shown to influence the level of demand for electricity, and 
consequently the level of emissions. In this section, substantial changes 
in demand and emissions were shown to result from modifying the structure 
of rate schedules. In other words, there Is nothing inevitable about the 
growth of demand. Some factors that affect demand can not be controlled, 
but others, such as the treatment of capital costs and the structure of 
rates, are determined by regulatory policy. Furthermore, costs can be passed 
on to customers in different ways, and a given cost increase can result in 
quite different responses in the level of sales. To a large extent, levels 
of SO^ emissions will depend on whether policies are adopted to encourage 
conservation or to encourage growth in the use of electricity.
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10. Conclusions
We have studied the potential for physical or financial disruption of 
the electric utility system in New York as it may be affected by nuclear 
power availability, air pollution control policy, inflation, and economic 
growth. The method of analysis is the EPA-sponsored CCMU model which inte­
grates utility economics, demand forecasting and customer charges, air pollu­
tion control, and power plant dispatching. The CCMU model is a partial ver­
sion of the AUSM; the latter model is being developed to include coal supply 
and capacity planning.
Of all the cases examined, only one type seems to create a severe crisis 
which leads to possible public re-organization of the industry. These are 
the cases in which the Shoreham and Nine Mile 2 plants are not operated, and 
50% or more of the investment cost is not allowed in the rate base. In these 
circumstances, the State’s utilities would apparently be unable to meet debt 
obligations and would also need to discontinue dividend payments.
The extremity of this situation should be emphasized. These specific 
cases already assume that liability for debt and dividend payments has been 
shared equally over all of the State's utilities and customers. It assumes 
that the State’s Power Pool has already implemented a plan by which the 
principal owners of the two plants are relieved of their principal financial 
and generating responsibilities.
In all other cases studies, the statewide industry appears capable of 
managing the problems examined.
Some specific findings follow:
A. In the 1970's, demand analysis modelling has a superior record when 
compared to exogenous growth assumptions at the national and state levels.
The demand forecasts studied here define a future range of 97 to 117 billion 
kWh, the variation depending upon future prices. (See Figures 7 and 15).
B. Future sales could reach a level of 150 billion kWh, but this de­
pends upon a set of assumptions which include declining coal cost, 77% capa­
city factor operations for all nuclear plants, and rising real income and 
employment. The State’s utility system provides this level of sales with 
its present plants, the three now being completed, and planned Canadian 
purchases.
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C. If the State's nuclear plants are all closed, the least-cost dis­
patching solution increases net fuel costs and customer charges by $1.5 
billion in the early 1990's. However, if the State system is allowed to 
collect the capital cost from customers, the system can provide the electn
city demanded and meet its financial obligations.
D. Higher oil and other fuel prices increasing at rates of 5%-7% 
annually in real terms would double the real price of electricity. Howe , 
because of the substitution effect in which higher retail fuel costs for 
natural gas, et al. increases electricity demand, the total sales of elec-
tricity would apparently remain at present levels.
E. If the State’s total sulfur oxide emissions were reduced to 15% 
of their 1980 magnitude, and the Shoreham and Nine Mile 2 nuclear plants 
were unavailable, the least-cost generating pattern would require a 25%-50%
increase in electricity rates in the 1990's.
F. Addition of the Somerset coal plant to the State's system does not 
increase total sulfur oxide emissions above the base case. This is because 
least-cost dispatching displaces sulfur-emitting oil generation.
G. Significant revision in national corporate income taxation may add 
up to $1 billion to the actual Federal corporate income tax payments by 
utilities in the State.
Two generalizations for continuing research arise from this study.
First, some problems will require State-level responses. Assuming that such 
State planning occurs, our work might develop an individual utility compo 
nent to show the company-specific responses to particular state policies.
Second, it is clear that further national gains in air pollution con­
trol are going to be complex and costly. They are likely to include finan­
cial provisions which redistribute the cost over time and between regions.
In this context, economic and financial analysis is equivalent to engineered
levelized cost in studying specific policies.
This leads us to point to two forms of financial policies which are
probable candidates for future legislation. One is tax incentives such as
j _ c VMr tax depreciation schedule for pollu-a 50% investment tax credit or a 5-year tax
tion control investment. The rationale here is that the benefits of pollu­
tion control are widespread and public, thereby justifying national tax
incentives.
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; Second, tax charges on emissions and fuel use may be considered as a 
means of financing pollution control investment. The logic here is that
the corporations and customers associated with present emissions are respon 
sible for the cost of control.
Ultimately, we may see Federal legislation which combines both tax 
incentives and tax charges, incorporating both rationales for financing 
further air pollution control improvement.
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Footnotes
Actual generation levels are taken from the
5.
1. See Mount and Chapman, 1975 
NYPP Annual Report, 1983.
2. See Chapman et_ al, 1975.
3. See Stukef.
4. See Baughman ejt al.
Contributions to the CCMU model, with emission constraint:
A. Least cost linear programming dispatching model. Sarosh Talukdar ana
B. Flint standards' and plant implementation of SO, regulations Coal wash­
ing, S0X scrubbing, particulate removal technologies and costs. Ed Rubm, 
John Molburg, Cary Bloyd*, Jim Skea, CMU.
C. New York plant and fuel data: Gene Fry, CU,
D. Demand model: Tim Mount, Martha Czerwinski, CU.
E. Finance model: Kathleen Cole*, Mark Younger, C . cu
F. Policy analysis programming: Martha Czerwmski, ar
G. Administrative responsibility: Tim Mount, Duane Ch“P“ "> 1"U;
*See analytical documentation by Cole, Bloyd et al, Talukdar, 
in the References.
6. Similar to D. Chapman, Natural Resources Journal.. Key assumptions are an^ 
5851/kw cost (In 1980$) for a plant built between 1980 and 199 , g
eral inflation rate, a 13.5% construction cost escalation, a ,fu‘“"
decommissioning cost of $65 million in 1983 dollars. Figure 11 is 
upon a current utility tax law as revised in 1982.
An introductory discussion of cost of service and utility rate r g 
lation is In Chapman, Energy Resources and Energy Corporations , PP-
7. See EEI Yearbook for 1981, p. 71.
8. See EEI Yearbook for 1981, p. 91.
9. See Taylor and 01.
10 In some instances, the fuel component may be higher than the marginal price
paid°in the industrial sector, and a minimum contribution to non-fuel costs
is imposed.
11. See Mount, 1983.
12 Elasticity is the percentage response of sales to a one percent increase
of an expiatory variable, holding other variables constant.
13. See NYPP Annual Report, Volume I, p. 40.
14. The difference between sales
and the net transfer of power into the state rrom
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cedures used to determine generation from sales are described in section 2.
15. See Turvey, chapter 8.
16. Derived from the NYPP Annual Report, 1983, Volume 2, p. 46.
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